A 57-year-old man presented with subarachnoid hemorrhage caused by a dissecting aneurysm of the vertebral artery close to the origin of the posterior inferior cerebellar artery (PICA). The aneurysm was treated successfully with two fenestrated clips preserving the efferent artery with anterograde blood flow without PICA anastomosis. The postoperative course was uneventful. Postoperative angiography indicated disappearance of the aneurysm and anterograde blood flow of the PICA.
Introduction
Intracranial vertebral artery (VA) dissecting aneurysm was previously considered rare, but is now being reported more frequently and is increasingly recognized as a source of appreciable morbidity and mortality. 3, 8, [17] [18] [19] In general, progression of VA dissecting aneurysm is a serious condition that markedly affects the clinical course and prognosis. 3, 8, [17] [18] [19] VA dissection is increasingly recognized as a cause of subarachnoid hemorrhage (SAH). The annual incidence rate of spontaneous VA dissection has been reported at about 1 to 1.5 per 100000. 19 ) Dissecting aneurysms of the intradural VA commonly present with signs and symptoms of neurological deficits as a result of either vertebrobasilar ischemia or SAH. The management of VA dissecting aneurysm is a technical challenge due to the histopathological features and localization. 5,6) The accepted surgical techniques for VA dissecting aneurysm depend on the angiographic findings and localization of the aneurysm in relation to the origin of the posterior inferior cerebellar artery (PICA). Conventional surgical treatment includes trapping of the aneurysm, proximal ligation of the VA, or wrapping of the aneurysm. A bypass may be useful if occlusion of the parent vessel is mandatory and collateral supply is poor, 1,4,9,16) especially because treatment of pre-PICA lesions may induce cerebellar infarction if the VA is occluded in patients with inadequate collateral supply. 23, 24) Therefore, VA dissecting aneurysm including the origin of the PICA is usually treated by trapping of the aneurysm, combined with PICA-to-occipital artery (OA) anastomosis, 2,12,22) PICA-to-PICA anastomosis, 10, 13, 20) or PICA reimplantation to the ipsilateral VA. 7,15) Nevertheless, this PICA revascularization is difficult to implement by endovascular interventions.
Here, we present a case of VA dissecting aneurysm close to the PICA, which was treated with fenestrated clips preserving the efferent artery with anterograde blood flow.
Case Report
A 57-year-old man presented with severe headache and vomiting followed by consciousness disturbance. The patient was transferred to our hospital. On admission, his Glasgow Coma Scale was E1V1M1. Emergency computed tomography (CT) demonstrated diffuse SAH with intraventricular hemorrhage (Fig. 1) . After his consciousness improved (E3V4M6), cerebral angiography was performed on Day 1 which indicated a ruptured right VA dissecting aneurysm involving the PICA and an unruptured anterior communicating artery aneurysm (Fig. 2) . VA trapping with occipital artery-PICA anastomosis was planned on Day 3.
The patient was placed in the prone lateral position, and a lateral suboccipital craniectomy was performed. The right VA was secured extradurally for proximal control. After incision of the dura, the intradural right VA was identified immediately, and the aneurysm was easily visible close to the origin of the right PICA. Long dissection was observed from proximal to distal of the PICA origin, but the dissection was incomplete as the vessel wall around the PICA origin was normal (Fig. 3) . Therefore, proximal occlusion of the aneurysm without PICA anastomosis was performed with the following methods. Under temporary proximal VA occlusion with a temporary clip, proximal occlusion and PICA reconstruction were performed using straight and L-shaped fenestrated clips (Fig.  4) . The two fenestrated clips did not affect the blood flow into the right PICA (formation clip technique) (Fig. 4) .
The postoperative course was uneventful. The patient recovered well, and experienced no hoarseness, dysphasia, or cerebellar incoordination. Angiography 2 weeks postoperatively and three-dimensional (3D)-CT angiography 2 months postoperatively revealed complete obliteration of the right VA dissecting aneurysm and good PICA flow (Fig. 5) . After ventriculoperitoneal shunt placement 1 month later, the patient was transferred to a rehabilitation hospital. 3D-CTangiography has detected no regrowth of the aneurysm for 2 years.
Discussion
PICA-to-PICA or OA-to-PICA anastomosis is useful to avoid ischemic complications in patients with VA dissecting aneurysm close to the origin of the PICA. However, areas perfused by PICA are theoretically at risk of ischemia during vascular anastomosis. 13) Therefore, PICA reconstruction using fenestrated clips, if possible, is a safer procedure than anastomosis. Since clip reconstruc-tion of the parent vessel with fenestrated clips was first reported, the fenestrated clip has proven to be an important innovation for treatment of complex aneurysms. 21) In the present case, preoperative angiography suggested that the aneurysm may involve the PICA origin, so PICA revascularization using OA-PICA bypass was designed preoperatively. However, during the operation, we found that the dissection was incomplete, and the vessel wall around the PICA origin was intact. Therefore, successful obliteration was achieved using fenestrated clips. We used two fenestrated clips for proximal obliteration of the VA and reconstruction of the PICA origin. Using this formation clip technique, anterograde blood flow could pass to the ipsilateral PICA from the fenestration of the clip without PICA anastomosis, which reduced the risk of ischemic complications. 14) This technique is also simpler than vascular anastomosis. However, during surgical exploration, normal and dissected vessels are difficult to precisely distinguish. Therefore, the present clip technique is not applicable for all VA dissecting aneurysms, such as entire dissecting aneurysms or dissection around the PICA origin. Long-term follow up is necessary in this first case of the treatment of VA dissecting aneurysm close to the PICA origin using the formation clip technique. No regrowth of the aneurysm has been observed for the 2 years after surgery. Therefore, our technique appears to be useful in the treatment of this type of VA dissecting aneurysm without bypass.
Conventional treatment of VA dissecting aneurysm including the PICA origin by trapping of the aneurysm, combined with PICA-to-OA, PICA-to-PICA, or PICA-to-VA anastomosis, has some drawbacks, such as the risk of brainstem ischemia while performing the anastomosis, 7, 11) and the risk of injury to the lower cranial nerves from surgical manipulation and deficiency of the PICA blood flow after the operation. In this case, the aneurysm was trapped with preservation of the parent and branch arteries around the origin of the PICA, as the fenestrated clips effectively preserved the PICA as intended, and further applications also preserved the perforators, OA, and lower cranial nerves. 21) 
